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Introduction
Intracerebral hematoma forms due to bleeding into cerebral parenchyma. Its incidence ranges between 12-15 per 10.000 people. It is especially common in the elderly in Asia and Africa. It is increasingly prevalent in patients receiving anticoagulation treatment and a primary cause of morbidity and mortality for stroke patients 1, 2 . The hematoma with small volume can be treated with conservative therapies, while larger hematoma is often removed through surgery. Though indications for surgery are controversial 1, 3 , it is still an important technique for treating cerebral hemorrhage. Cerebral hemorrhage in the basal ganglia is the most common hypertensive type of cerebral hemorrhage.
Cerebral hemorrhage counts for 10-15% of all strokes in America, Europe, and up to 20-30% in Asia, and is a primary cause of morbidity and mortality 1 . Research shows that its incidence is higher in males than females 1 , which is consistent with our study. Its 30-day mortality is 50% half of whom die within 24h.
Additionally, capability of daily activities recovers in fewer than 20% patients within six months 1 . Multiple risk factors contribute to intracerebral bleeding and affect the prognosis, including cerebral amyloid angiopathy, hypertension, long-term use of anticoagulants and alcohol intake. Prognosis is related to GCS, large volume of hematoma, midline translocation, bleeding into cerebral ventricle, and surgical approaches 1, 4 . It is often removed through the transsylvian-transinsular (TS-TI) approach or the transcortical-transtemporal (TC-TT) approach. However, little is reported about the comparison on the impact of various approaches on the prognosis. In the present study, we compared the outcomes of the two approaches for hypertensive cerebral hemorrhage to provide a basis for surgical removal of cerebral hematoma in the basal ganglia.
Methods
The study was approved by the Human Studies 
Inclusion and exclusion criteria
Inclusion criteria: 1) hypertension: blood pressure higher than the upper limit of the normal range (140 mmHg); 2) Brain CT demonstrates that the hematoma in the basal ganglia or internal capsule or the supratentorial hematoma was more than 30 mL; 3)
the GCS score ≥ 6; and 4) the time to surgery was within 6h.
Exclusion criteria: 1) hemorrhage caused by cerebral aneurysm, arteriovenous malformation, cerebral trauma, or stroke due to tumors; 2) hematoma in the cerebral ventricle or brain stem hemorrhage; 3) blood diseases or coagulopathy; 4) severe primary diseases; and 5) the time to surgery was over 6 h or the bleeding volume was over 80 ml.
Surgery and follow-up
For the TS-TI approach, an incision was made at 2 cm anterior to the tragus. The skull was exposed for about [5] [6] cm and drilled. A 3 cm × 3 cm bone window was made by the rongeur. Bleeding was stopped by bone wax. The cerebral dura mater was incised in a Y shape. The Sylvian fissure was separated at the temporal side until the insula was visualised under the microscope. The middle cerebral artery branches were identified.
A 1-cm incision in an avascular area of the insula and a 3-5 cm brain spatula were used to explore the hematoma cavity through the superior temporal gyrus. The responsible artery was generally the lenticulostriate artery whose bleeding could be stopped with electric coagulation. The cerebral dura mater was sutured with interrupted sutures and no drainage was required ( Figure 1 ). If the hematoma volume was large and the brain tissue tension was high,
an artificial fistula with a dandy cannula was made through cortex penetration to drain some hematoma for decompression purposes before the Sylvian fissure was separated to clear all hematoma. The craniotomy was similar in the TC-TT approach to that in the TS-TI approach. After the temporal lobe was exposed, a 2 cm incision was made at the temporal cortex with the minimum distance from the hematoma until the hematoma cavity. The endotracheal tube was kept in situ post operation and its removal depended on the patients' conditions.
Brain CT scan was performed post operation and the need for revision surgery was evaluated according to the patient's condition. If brain CT showed a hematoma volume over 30 ml with midline disposition over 1 cm and no apparent improvement of consciousness, revision surgery was required. If the patients had GCS score > 9 and autonomous sputum discharge for 72h, the endotracheal tube was replaced by a tracheostomy.
Statistical analysis
SPSS version 13.0 was applied for all statistical analyses.
Measurement data were analyzed using t test or analysis of variance; categorical data were analyzed using Chi-square test. A statistically significant difference was considered if p<0.05. A brain CT at 6h post surgery was used to ascertain favorable surgical outcome (Figure 2 ). If a hematoma was found over 30 ml without improvement or deterioration of the disease, revision surgery was performed to remove the hematoma. In the group with TS-TI approach, three (8.5%) patients underwent revision surgery, while in the group with TC-TT approach, seven (15%) patients underwent revision. No statistically significant difference was found between the two groups (p>0.05, Chisquared test) ( Table 4 ). In addition, as the Sylvian fissure area is complex, brain tissue tension and blood vessel translocation as well as surgery itself may injury the blood vessel and cause cerebral arterial occlusion or venous thrombosis ( Figure 3 ). Patients were monitored in the ward post-operatively with an endotracheal tube (ETT) still in situ plus a naso-gastric tube. In the transsylvian-transinsular group, tracheostomy was practiced in 16 patients; whereas, in the TC-TT group, it was done in 19 patients. No statistically significant difference was noted between the two groups (p>0.05). Coffee-like substances were drained through the gastric canal and used to diagnose a gastric tract ulcer in ten patients and 12 patients, respectively, in the transsylvian-transinsular and transcortical-transtemporal group.
Results

Patients in the TS
However, there was no statistically significant difference between two groups (p>0.05). The average lengths of hospital stay were 35 and 42 days, respectively in the transsylvian-transinsular and transcortical-transtemporal group, which was not statistically significantly different (p>0.05) ( Table 5) . Specifically, loss of consciousness, sputum discharge difficulty, and long-term use of suctioning are associated with lung infections.
Another severe complication after intracerebral hemorrhage is digestive tract hemorrhage 19 . Nevertheless, the complications and effective treatment for them are equally important, and thus should be further investigated in future research. In this study,
Comparison between transsylvian-transinsular and transcortical-transtemporal approach for evacuation of intracerebral hematoma
the proportion of post-surgery tracheostomy, the incidence of digestive tract hemorrhage, and the average length of hospital stay were lower for transsylvian-transinsular approach compared with the transcortical-transtemporal approach, but no statistically significant differences were noted in them between the two groups, which may be due to the limited sample size. In the present study, the good outcome rates were 75% and 50% in two surgeries with TS-TI vs. TC-TT respectively. Research shows that surgery itself may be injurious to brain tissues, and thus a correct approach has an influential impact on the prognosis 4 . Compared with previous studies, the good outcome rate was relatively high in our study.
This may be in part because the patients in this study received surgery early (within 6h) under strict inclusion criteria and with a small hematoma volume 10, 11 , suggesting that early removal of hematoma can effectively improve the prognosis of intracerebral hematoma.
The TS-TI approach is traditionally used for diseases .
In the TC-TT approach, the distance to the hematoma is 20-40 mm 13, 14 , and the Sylvian fissure is well exposed to release cerebrospinal fluid. With the natural gap between brain tissues and better lighting, an operative angle can be achieved to prevent unnecessary traction and subsequent brain oedema. In this study, 'there was a trend with the TS-TI approach toward fewer complications than the TC-TT approach. In the TS-TI approach, the lenticulostriate artery, often responsible for cerebral hemorrhage in the basal ganglia, can be well exposed and its bleeding can be stopped with electric coagulation, thus avoiding revision surgery for postoperative bleeding 15 .
The postoperative bleeding rate was lower in the TS-TI approach in our study. However, due to limited sample size and inclusion criteria, this finding should be further explored. results confirmed it could significantly improve the survival rate and the quality of life in patients [16] [17] [18] . However, it cannot effectively control the progressive expansion of hematoma because it fails to control responsible vascular, so the rate of rebleeding after aspiration is higher 19 . In some cases, taking into consideration both the aspiration and drainage reaches unfavorable effect and cannot achieve the purpose of decompression 16 . Moreover, the blood clots crack in drainage process and release thrombin which may damage brain tissue and influence the recovery of neurological function 20, 21 . Furthermore, because of long drainage time and drug injection through drainage tube, the drainage is difficult to care, which may result in an increase in local infection rate of scalp and then the fatal intracranial infection 16 23, 24 .
However, the ventriculoscope should be entered into the hematoma along the long axis of the hematoma with long puncture distance, so it may damage some nerve functions 25 ; moreover, it requires high instrument, and need intraoperative image repositioning if the hematoma cannot be fully removed at the first punch 25 , so it is difficult to be promoted. However, with the development of microscopy, for most of the hematoma, it still can reach and successfully remove the hematoma and control the responsible vascular under the microscope and fine lighting conditions through the shortest path and the least injury. However, it needs multicenter clinical researches in the future to verify which technology has more obvious advantages.
Conclusion
The TS-TI approach is superior over the TC-TT for return of ADLs after evacuation of intracerebral hematoma.
With any neurosurgical operation, blood vessel damage causing cerebral artery infarction and brain oedema due to vein damage should be prevented by minimizing over-manipulation and brain tissue exposure.
